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1. Long Term Goals 

The PI group seeks to build understanding of the physical processes controlling the 
Arctic's evolving air-ice-ocean system in support of efforts to predict its future state. A 
secondary goal is to develop and perfect autonomous instrument systems to observe the 
upper Arctic Ocean. 

2. Objectives 
The objectives of this project were to collect and analyze exploratory observations of 
upper-Arctic-Ocean velocity and thermohaline stratification variations in the Eurasian 
sector of the Arctic. The results constitute a comparison/contrast with previous 
observations and findings from the Marginal Ice Zone DRI program that took place in the 
Canada Basin. 

3. Approach 
Observations were collected using an Ice-Tethered Profiler with Velocity (ITP-V), 
Figure 1. The ITP system consists of a surface buoy that sits atop a polar ice floe (or 
floats in open water) supporting a wire-rope tether extending down to -800 m depth and 
a vehicle that propels itself up and down the tether carrying sensors that measure the sea 
water properties. Sensor data collected by the underwater unit are periodically 
communicated to the surface buoy that in turn relays them to shore via satellite. The 
ITP-V variant, configured with a conductivity-temperature-depth (CTD) sensor and 
3-axis current meter, is now an operational instrument system, as demonstrated by its 
successful use in the Marginal Ice Zone DRI program. The ITP-V may be programmed 
to collect vertical profiles of ocean temperature, salinity and horizontal velocity at few­
hour interval as well as sample for specified time periods while the vehicle holds a 
specified depth. Data from the latter observational periods may be used to estimate 
vertical turbulent fluxes of heat, salt and momentum. 



4. Tasks Completed 
One ofthe ITP-V instrument systems deployed for the MJZ study was recovered, 
refurbished, recertified and redeployed in the Eurasian Arctic from the Russian 
icebreaker Akademik Tryoshnikov in conjunction with the Nansen and Amundsen Basin 
Observing System program (NABOS) on September 13,2015 at 80.6765°N, l66.4581 °E. 
The ITP-V was deployed together with an NPS Autonomous Ocean Flux Buoy -
http://www.oc.nps.edu/-stanton/fluxbuoy/ and two Bigelow Laboratory 0-Buoys ­
http://www.o-buoy.org/. ITP-V #92 was programmed to sample like the ITP-V systems 
deployed for the MIZ program - specifically, vertical temperature, salinity and velocity 
profiles were collected every 3 hours in the upper 250m of the water column, with two of 
these one-way profiles extending to 750 m depth every other day. In addition, 20-minute 
time series were collected just below the ice-ocean interface several times per day to 
support direct covariance flux estimates of the turbulent vertical heat, salt and momentum 
fluxes. 

The ITP-V system drifted north and east after deployment, Figure 2, operating normally 
until February 22, 2016 when communications from the instrument ceased. We believe 
the system was enveloped by an ice ridging event and buried. It is possible that the 
system will reemerge at a later date and transmit data that were acquired and stored 
internally while the system was under the ice. There are no guarantees this will happen. 
The data acquired up to 2/22/16 have been processed and estimates of the absolute ocean 
velocity, and turbulent exchanges between the sea ice and upper ocean are in hand. The 
processed data from the instrument are being used to investigate ice-ocean interactions 
and seasonal variability of the upper ocean internal wave field, eddy variability and the 
thermohaline stratification. 

5. Results 
At a minimum (assuming no additional information is received from the system), this 
ITP-V returned 5+ months of upper ocean temperature, salinity, velocity and turbulence 
data from the Makarov Basin, a region of the Arctic not well observed (particularly in 
winter). The CTD data recovered from the instrument, Figure 3, shows a hint of the 
warm Pacific Summer Water layer (local temperature maximum just below the surface 
mixed layer) and increasing mixed layer salinity with time/distance north (Figures 3, 4) 
as the system moved out of the Beaufort Gyre domain. As a contribution to the Stratified 
Ocean Dynamics of the Arctic DRI program (SODA), another ITP-V system is scheduled 
to be deployed in the Eurasian sector of the Arctic during the 2017 NABOS cruise. The 
data from ITP-V #92 will be valuable for comparison to this new data set, as well as to 
the MIZ and SODA observations from the Canada Basin, and to the wider collection of 
ITP temperature and salinity profiles within both basins. 

Partially supported by the present grant, Cole (20 16) reported on an analysis of lateral 
eddy stirring in the Arctic at the 20 16 F AMOS (Forum for Arctic Modeling and 
Observational Synthesis) workshop. A decade of mooring observations from the BOOS 
program were used to estimate a representative depth profile of horizontal eddy 
diffusivity at 100 km horizontal scales for the Beaufort Gyre and Canada Basin. The 
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results show that eddy diffusivity decays with depth in the upper 300 m, and is spatially 
variable with elevated values near the bas in boundaries. Estimates from lee-Tethered 
Profilers with Velocity, including ITP-92, were similar even though they each derived 
from only one year of observations. These ITP-V s showed signals of horizontal stirring 
on a range of scales from 1-100 km and over a broader region of the Arctic Ocean. These 
investigations into horizontal stirring and eddy diffusivity advance our understanding of 
key processes and parameters important to numerical modeling efforts. 

The present grant also supported the ongoing analysis of data from the Marginal Ice Zone 
DRI program. Specifically, the project contributed to the submitted Cole et al. (2017a) 
manuscript discussing spatial and temporal changes in the sea ice-ocean coupling on 
subinertial time scales. Continuous observations in the Canada Basin from March through 
December 2014 were used to investigate spatial differences and temporal changes in 
under-ice roughness and momentum transfer as the ice cover evolved seasonally. 
Observations ofwind, ice, and ocean velocity in combination with turbulent momentum 
flux measurements from four clusters of drifting instrument systems were analyzed, 
complemented by direct drill-hole measurements and IceBridge over flights in March, as 
well as remote sensing imagery about the instrument clusters. Observations captured 
near-complete seasonal melting of the ice cover. Spatially, estimated ice-ocean drag 
coefficients varied by a factor of three with rougher ice associated with smaller multi­
year ice floe sizes embedded within the first-year-ice-multi-year-ice conglomerate. 
Temporal differences in the ice-ocean drag coefficient of20-30% were observed prior to 
the mixed layer shoaling in summer and were associated with ice concentrations falling 
below 100%. In July and August, indirect indicators of ice-ocean drag and roughness 
suggested increased momentum transfer in low ice concentration conditions. The ice­
ocean drag coefficient parameterization was found to be invalid in September with low 
ice concentrations and small ice floe sizes. The differing and temporally-variable nearby 
ice topography affected mixed layer currents, including the ocean's response to storm 
events. The kinetic energy budget of the ice showed that wind work and ocean work on 
the ice were the dominant terms controlling ice motion throughout the entire melt season. 
These seasonal changes in the air-ice-ocean system show that ice topography, ice 
concentration, and the shallow summer mixed layer all impact the ocean's response to 
forcing events. A second work on the MIZ internal wave observations (Cole et al., 
2017b) is in preparation. 

6. Impact for Science 
The peer-reviewed scientific papers and meeting presentations based on the 20 L 5-16 
NABOS ITP-V data alongside those deriving from Marginal Ice Zone program 
observations constitute a major contribution to our understanding of the "new" Arctic 
Ocean with its much thinner and more mobile ice cover. Beyond the research 
contributions, the NABOS ITP-V program partially supported one new WHOI Assistant 
Scientist (Cole) who led several presentations and peer-reviewed papers based on these 
data. 
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7. Relationships to Other Programs 
The 2015-16 NABOS ITP-V program has strong connections to the Marginal Ice Zone 
and Stratified Ocean Dynamics of the Arctic DRI activities. The data acquired under the 
present grant provide contrast to the MIZ observations (different ocean basin, different 
stratification, different season) and motivated the planned SODA ITP-V deployment 
during the 201 7 NAB OS expedition. As noted above, the present award also supported 
on-going scientific analysis of the MIZ observations. 

8. Figures/Pictures 

Figure 1. Schematic drawing of the generic Ice-Tethered 
Profiler instrument system (above left) and of the ITP-V 
version that includes an acoustic travel time current 
meter (above right). The photograph (right) shows one 
of the Marginal Ice Zone ITP-V instruments being 
deployed. Other MIZ instrumentation is visible in the 
background. Photo credit: John Kemp. 
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Figure 2. Drift track of the ITP-V instrument deployed during the 2015 NABOS expedition. 
The last received position from the instrument is marked with a white triangle. 
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Figure 3. Depth-time contour plot of 
ocean temperature (top) and salinity 
(bottom) from the NABOS ITP-V 
system. Year day 255 in 2015 
corresponds to September 12. In 
both cases, the upper 200 m and 
0- to 750-m span are shown in 
separate panels. 
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Figure 4. Time series of battery voltage 
and ocean temperature and salinity from 
the fixed-depth sensor mounted on the 
ITP-V underwater tether at 5-m depth 
just below the ice-ocean interface. 
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